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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: ££j v ^^^g^ 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device " |" • ■ ■ ~ "' j^ '^j^ffi 
which increases the capacity value of storage capacitors and improves 
the opening rate of pixels by solving the problem that the opening rate of 

the pixels is sacrificed in order to increase the capacity value of the . v , ■:,■>,.. . ; ; 

*m ..... ......... ... ..jr^4**wis 




storage capacitors. — 
SOLUTION: An insulating film 101 is formed at about 300 to 500nm on a ^- 
quartz substrate 1 and is patterned (a). A polycrystalline silicon layer is 
formed and is patterned to form semiconductor layers 102 (b). The entire 
surface is subjected to thermal oxidation to form a thermally oxidized &fii{.. 
film 1 03 (c). A polycrystalline silicon layer to constitute a second [ 
semiconductor layer is formed over the entire surface and is then 
patterned to form gate electrodes 5 and the storage capacitors 104. The 

flanks of the semiconductor layers are assured as the regions for the ^lM'^*afl.<DS««* 
storage capacitors and the capacity value of the storage capacitors is ^d>; : L ^ £ 1 

increased. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the liquid crystal display which has the actuation substrate with which the storage 
capacitance which uses as one electrode the same semi-conductor layer as the thin film transistor 
arranged in the shape of a matrix and said thin film transistor was formed on the substrate While forming 
at least one convex insulator layer in the lower part of said semi-conductor layer, on said convex 
insulator layer and said thin film transistor Said semi-conductor layer and said semi-conductor layer 
which the 2nd semi-conductor layer was further formed on it with the interlayer insulation film on it, and 
was formed on said convex insulator layer, The liquid crystal display characterized by constituting this 
storage capacitance in three dimensions, expanding the field of this storage capacitance, and aiming at 
buildup of capacity value by said 2nd semi-conductor layer. 

[Claim 2] The liquid crystal display according to claim 1 characterized by aiming at improvement in a 
pixel numerical aperture by reducing the superficial formation field of this storage capacitance with this 
storage capacitance. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal display which improved in more detail 
the formation approach of the storage capacitance formed in a liquid crystal display about the liquid 
crystal display represented with the liquid crystal panel of a active-matrix mold etc., and aimed at 
improvement in a pixel numerical aperture. 
[0002] 

[Description of the Prior Art] In recent years, the demand of high-performance-izing to a liquid crystal 
display increases with the spread of the devices with a liquid crystal display represented by a 
camcorder/movie and the liquid crystal projector, and high-resolution-izing and high-performance-izing 
of a liquid crystal display are progressing, it is alike in if storage capacitance is secured enough about 
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high-resolution-izing and high-performance-izing of a liquid crystal display, and it becomes effective to 
reduce a storage capacitance field and to aim at improvement in a pixel numerical aperture. With respect 
to the storage capacitance of a liquid crystal display, below, this invention gives the example and is 
explained. 

[0003] The manufacture process of the liquid crystal display of the conventional technique is explained 
with reference to drawing 2 and drawing 3 . Drawing 2 is a process sectional view for explaining the first 
half process of the liquid crystal display of the conventional technique. 

[0004] For [ the ] actuation substrates, the liquid crystal display of the active matrix equipped with the 
switching element which controls separately the transparent electrode arranged in the shape of a matrix 
and a transparent electrode forms two or more thin film transistors (it is only described as "TFT" below 
Thin Film Transistor:) on an insulating transparence substrate, for example, a quartz substrate, and is 
produced. The example of production is explained below. 

[0005] In drawing 2 (a), on the washed quartz substrate 1, the polycrystalline silicon layer used as a 
semi-conductor layer is formed by LP-CVD (reduced pressure chemical vapor deposition) etc., and 
crystal grain is grown up by heat treatment etc. After carrying out patterning of this with a 
photolithography technique, the low concentration ion implantation of the p mold impurity boron B etc. is 
carried out to the whole surface, and the semi-conductor layer 2 by the polycrystalline silicon layer is 
formed in it. 

[0006] Next, it oxidizes thermally and the thermal oxidation film 3 is formed all over the semi-conductor 
layer 2. This thermal oxidation film 3 turns into gate dielectric film of TFT formed after that, and an 
insulator layer of storage capacitance (this drawing (b)). 

[0007] It moves to this drawing (c), the impurity of n mold is injected into the part used as storage 
capacitance, and one electrode 4 of storage capacitance is formed. Furthermore, after forming the 
polycrystalline silicon layer used as the 2nd semi-conductor layer in the whole surface, patterning is 
carried out using a photolithography technique and the gate electrode 5 and storage capacitance 6 (this 
serves as an electrode of another side of storage capacitance) by the polycrystalline silicon layer are 
formed. Then, the ion implantation of the impurity of n mold is carried out to the semi-conductor layer 2 
by using the gate electrode 5 as a mask, and the source field 7 and the drain field 8 are secured. 
[0008] In this drawing (d), opening of the contact hole for obtaining connection with the signal line which 
forms the interlayer insulation films 9, such as thick phosphorus silica gate glass of the thickness for 
short circuit prevention with the upper wiring, in the whole surface with a CVD method etc., and is 
formed in a degree is carried out. 

[0009] Subsequently, the signal line 10 by aluminum layer is formed by [ which form and carry out 
patterning of the aluminum-1%Si, for example by the sputtering method ] generally being used as a wiring 
material all over the (this drawing (e)). 

[0010] Next, the second half process of this example is explained with reference to drawing 3 . Drawing 
3 is a process sectional view for explaining the second half process of the liquid crystal display of the 
conventional technique. 

[001 1] After ending an above-mentioned first half process, membranes are formed with a CVD method 
( drawing 3 (a)), and the plasma SiN film 12 which becomes with a thin film as an object for the 
improvement in the engine performance of TFT is formed in the upper part for an interlayer insulation 
film and the 2nd becoming interlayer insulation film 11 by the plasma-CVD method. Then, opening of the 
contact hole for connecting with the ITO (Indium-Tin Oxide) film mentioned later is carried out by 
etching (this drawing (b)). 

[0012] In this drawing (c), the flattening film 13 is applied and formed by a spin coater etc. in order to 
control invitation of the irregular orientation (poor orientation) of liquid crystal. 

[0013] Furthermore, after carrying out covering formation of the ITO film for example, by sputtering 
processing, patterning of the ITO film is carried out, and the transparent electrode 14 for liquid crystal 
displays is formed. This transparent electrode 14 serves as a form separated for every pixel. While 
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reducing the specific resistance of the ITO film by heat-treating at the end, the property of TFT is 
raised and the manufacture process of the actuation substrate of the liquid crystal display of the 
conventional technique is ended (this drawing (d)). 

[0014] By the way, the capacity value which the above-mentioned storage capacitance 6 has is 
proportional to a plane-of-composition product with the semi-conductor layer 2 of the polycrystalline 
silicon shown in drawing 2 (a) which is a substrate. Therefore, in order to make the capacity value of the 
storage capacitance in the liquid crystal display of the conventional technique increase, it is necessary 
to make this plane-of-composition product increase. However, if a plane-of-composition product is 
made to increase in order to make capacity value increase, there is a trouble that the pixel numerical 
aperture of a liquid crystal display falls victim. 
[0015] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the liquid 
crystal display which the capacity value of storage capacitance is proportional to a plane-of^ 
composition product with the polycrystalline silicon semi-conductor layer which is a substrate, solved 
the trouble a pixel numerical aperture's having fallen victim in order to make the capacity value of 
storage capacitance increase, and aimed at increment in the capacity value of storage capacitance, and 
improvement in a pixel numerical aperture. 
[0016] 

[Means for Solving the Problem] The following means were provided in order to solve the technical 
problem of the liquid crystal display of the above-mentioned conventional technique. Namely, it sets to 
the liquid crystal display which has the actuation substrate with which the storage capacitance which 
uses as one electrode the same semi-conductor layer as the thin film transistor arranged in the shape 
of a matrix and a thin film transistor was formed on the substrate. While forming at least one convex 
insulator layer in the lower part of a semi-conductor layer, on a convex insulator layer and a thin film 
transistor, the 2nd semi-conductor layer is further formed with an interlayer insulation film the above- 
mentioned semi-conductor layer and on it at a it top. And it considered as the configuration which 
constitutes storage capacitance in three dimensions, expands the field of storage capacitance, and aims 
at buildup of capacity value by the semi-conductor layer formed on the convex insulator layer used as 
one electrode of storage capacitance, and the 2nd semi-conductor layer used as the electrode of 
another side. 

[0017] Since storage capacitance is constituted in three dimensions and the capacity value of storage 
capacitance was made to increase by one or more convex insulator layers formed in the lower part of a 
semi-conductor layer according to the liquid crystal display of this invention, sufficient write-in signal 
over a liquid crystal display can be secured, and the display quality of a liquid crystal display can be 
improved. 

[0018] In the liquid crystal display of this invention according to claim 2, improvement in a pixel 
numerical aperture was aimed at by reducing the superficial formation field of storage capacitance with 
the storage capacitance of such a configuration. 

[0019] If it follows, for example, the capacity value of storage capacitance is set constant, since it is 
reducible, the superficial formation field of storage capacitance can improve the pixel numerical aperture 
of a liquid crystal display. 
[0020] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 , the gestalt of operation of the 
liquid crystal display of this invention is explained. In addition, in the following explanation, only the 
manufacture process of the description part of this invention is explained, and the same part as the 
manufacture process of the liquid crystal display of the conventional technique omits explanation. 
Moreover, the same reference mark shall be given to the same part as the manufacture process of the 
liquid crystal display of the conventional technique. 

[0021] First, with reference to drawing 1 , the configuration of the liquid crystal display of this invention 
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is explained. Drawing 1 is a process sectional view for explaining the manufacture process of the 
- description part of the liquid crystal display of this invention. 

[0022] In drawing 1 (a), on the washed quartz substrate 1 grade, it forms with a CVD method etc. so 
that it may be set to 300-500nm comparable as the 2nd semi-conductor layer to which thickness 
mentions the insulator layer 101 used as the description part of this invention later. Then, patterning of 
the insulator layer 101 is carried out using a photolithography technique, and it forms as a substrate of a 
polycrystalline silicon layer. 

[0023] Similarly, after forming a polycrystalline silicon layer with a CVD method, patterning of the 
polycrystalline silicon layer is carried out with a photolithography technique, and the semi-conductor 
layer 102 by the polycrystalline silicon layer is formed (this drawing (b)). 

[0024] Next, it oxidizes thermally all over the semi-conductor layer 102, and the thermal oxidation film 
103 is formed. This thermal oxidation film 103 turns into gate dielectric film of TFT formed after that, 
and an insulator layer of storage capacitance (this drawing (c)). 

[0025] It moves to this drawing (d), the impurity of n mold is injected into the part used as storage 
capacitance, and one electrode 4 of storage capacitance is formed. Furthermore, after forming the 
polycrystalline silicon layer used as the 2nd semi-conductor layer in the whole surface, patterning is 
carried out using a photolithography technique and the gate electrode 5 by the polycrystalline silicon 
layer and the storage capacitance 104 of this invention are formed. Then, the ion implantation of the 
impurity of n mold is carried out to the semi-conductor layer 2 by using the gate electrode 5 as a mask, 
and the source field 7 and the drain field 8 are secured. The following processes are the same as that of 
the liquid crystal display of the conventional technique, and since it overlaps, explanation is omitted. It 
can become possible to secure the side face of the semi-conductor layer 102 as a field of storage 
capacitance by this, and the capacity value of storage capacitance can be increased. Or capacity value 
remains as it is, can reduce the superficial formation field of storage capacitance, and can improve the 
pixel numerical aperture of a liquid crystal display. The liquid crystal display of high brightness can be 
built by improving a pixel numerical aperture. 

[0026] The opposite substrate (graphic display abbreviation) with which such an actuation substrate was 
countered on the other hand, and the black matrix and the light filter (in the case of an electrochromatic 
display) were formed holds a predetermined gap (several micrometers), opposite arrangement is carried 
out, and the liquid crystal constituent is pinched by these gaps. The liquid crystal display is constituted 
by carrying out the laminating of the polarizing plate to one to both sides of these substrates. 
[0027] Actuation of the liquid crystal display of this invention of this configuration is explained briefly. 
Although each liquid crystal display of this invention omitted the graphic display, it incorporates various 
control signals and a video signal from Exterior IC. The incorporated video signal controls the image 
electrical potential difference of each pixel by TFT, and supplies it to storage capacitance or a 
transparent electrode. A liquid crystal constituent is made to twist and do a handstand in the electrical- 
potential-difference impression direction with this image electrical potential difference, and the 
information display of the liquid crystal display of this invention is made using the optical activity by the 
liquid crystal constituent. According to the liquid crystal display of this invention, since sufficient 
storage capacitance is secured, the suitable information display for a high camcorder/movie, a high 
liquid crystal projector, etc. of a contrast ratio becomes possible. 

[0028] This invention is not limited to said example, but can take various operation gestalten. For 
example, although the example in which one convex insulator layer was formed was illustrated in the 
example of a gestalt of this operation, it is also possible to form two or more convex insulator layers, 
and to aim at further improvement in the capacity value of storage capacitance, and this invention is not 
limited to the number of formation of a convex insulation. Moreover, it cannot be overemphasized that 
this invention is not caught by the gestalt of operation shown above, but can develop into various 
gestalten. 
[0029] 
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[Effect of the Invention] Storage capacitance is constituted in three dimensions and the capacity value 
^ of storage capacitance was made to increase using the side face of a semi-conductor layer by at least 
one convex insulator layer formed in the lower part of a semi-conductor layer according to the liquid 
crystal display of this invention, as explained above. Therefore, sufficient write-in signal over a liquid 
crystal display can be secured, and it becomes possible to improve the display quality of a liquid crystal 
display. Moreover, if the capacity value of storage capacitance is set constant, since the superficial 
formation field of storage capacitance is reducible, it becomes possible to aim at improvement in the 
pixel numerical aperture of a liquid crystal display. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a process sectional view for explaining the manufacture process of the description part 
of the liquid crystal display of this invention. 

[Drawing 2] It is a process sectional view for explaining the first half process of the liquid crystal display 
of the conventional technique. 

[Drawing 3] It is a process sectional view for explaining the second half process of the liquid crystal 
display of the conventional technique. 
[Description of Notations] 

I Quartz Substrate 

2.102 Semi-conductor layer 

3.103 Thermal oxidation film 

4 One Electrode of Storage Capacitance 

5 Gate Electrode 

6 Storage Capacitance 

7 Source Field 

8 Drain Field 

9 Interlayer Insulation Film 

10 Signal Line 

I I 2nd Interlayer Insulation Film 

12 Plasma SiN Film 

13 Flattening Film 

14 Transparent Electrode 
101 Insulator Layer 

104 Storage Capacitance of this Invention 
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